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A considerable increase in the value of the tlme-drop in the surface 
tension of serum occurs as  the result of immunization.  1.'2  This phe- 
nomenon is obviously not due to the antibody itself since it reaches a 
maximum on  the  13th  day after an  immunizing injection and  dis- 
appears  long before the  disappearance of the  antibody;  and  yet it 
appears to be associated with antibody formation since the two occur 
simultaneously.  In order to ascertain whether this physicochemica[ 
change in immune serum is  connected with antibody production or 
with other phenomena consequent on the antigen injection, two series 
of experiments were undertaken. 
It has been reported" that in some cases an increase in the per cent 
of globulin and a decrease in the per cent of albumin is observable ir~ 
immune sera, and it was thought that the increase in the time-drop 
might be traced to this change. 
Seven rabbits,  the sera of which showed a  normal time-drop, were 
chosen for the experiments.  Two were kept as controls and the others 
injected,  after bleeding,  with  antigens  as  follows:  one  with  Land- 
steiner antigen (horse kidney),1 two with sheep cells, one with Bacil- 
lus colt culture, and one with crystalline egg albumin.  The sera taken 
before injection, and also that taken on the 13th day after immuniza- 
tion, were analyzed for the per cent of globulin and albumin, sodium 
1 du Notiy, P. L., d. Exp. Med., 1925, xli, 779. 
du Noiiy, P. L., J. Exp. Med., 1922, xxxv, 575, 707; xxxvi, 547; 1923, xxxvif, 
659; 1924, xl, 129. 
8 Doerr, R., and Berger, W., Z. Hyg. u. Infectionskrankh.,  1921, xciii, 147.  Ber- 
get, W., Z. ges. exp. Med., 1922, xxviii, 1. 
9 Before antigen injection. 
Rabbit 9. 
Landsteiner's antigen. 
10 ce. iniected 
.Feb. 18,19-25. 
~abbit i0. 
Shgep  cells.  10  c¢ 
10% suspension in- 
jected 
Feb. 18, 1925. 
Rabbit 11. 
Sheep  cells.  10 cc. 
10% suspension 
in~ected 
Feb.  18. 1925. 
Rabbit 12. 
Egg albumin, crystal- 
line.  I0 cc. 7.73% 
solution iniected 
Feb.  18, 1925. 
Surlace tension. 
Feb. 10, 1925.  Feb. 16, 1925. 
Dilu-  Inltiall After  Time-  Initial  After  Time- 
tlon.  value.  2 hrs.  drop.  value.  2 hrs.  drop. 
! dynes  dynes  dynes  dynes  dynes  dynes 
~v~  75.4  67.0  8.4  76.0  66.5  9.5 
¢o~o  ~ 75.4  66.9  8.5  75.8  67~0  8.8 
~x~  75.4  67.1  8.3  75.9  67.2  8.7 
xo~v~  75.3  67.8  7.5  75.8  67.8  8.0 
xo~oo  75.3  68.0  7.3  76.0  67.0  9.0 
~x~e  75.4  68.3  7.1  76:0  68.0  8.0 
a~o~  75.6  68.4  7.2  76.0  68.5  7.5 
'~oa  75.5  68.7  6.8  76.0  69.0  7.0 
~,oo  75.5  65.4  10.1  76.0  65.5  10.5 
¢o~o  75.8  66.0  9.~8  75.8  66.1  9.7 
~10~  75.7  66.3  9.4  76.0  66.0  10.0 
~o~  75.6  66.8  8.8  76~0  66.0  10.0 
~o~  :  75.4  67.0  8.4  76.0  6~. 0  9.0 
z~bo~  75.4  65.8  9-[6  76..0  67.3  8.7 
~z~  75.4  66.0  9.4  7.5.6  67.5  8.1 
z~o  75.4  66.8  8.6  75.8  68.0  7.8 
s~o~  75.4  65.4  10.0  75.0  65.0  10.0 
~goo  75.3  65.2  10~i  75.0  65.0  10.0 
~o  75.4  65.2  10.2  76.0  65.2  10.8 
z~Bu  75.7  65.4  10.3  76.0  65.5  10.5 
rv~o~  75.3  65.0  10.3  76.0  65.5  t0.5 
zz~o~  75.3  66.5  8.8  75.9  66.0  9.9 
z~  75.3  66.1  9.2  76.1  66.0  10.1 
z~  75.3  66.8  8.5  76.0  67.3  8.7 
~oo  75.7  68.4  I  7.3  74.2  65.0  9.2 
~'~  75.7  67.~  8.4  74.2  65.0  9.2 
~,~o~  75.7  68.1  7.6  "74.2  65.0  9.2 
zo~oo  75.6  67.2  8.,4  74.2  65.0  9.2 
zo~o  76.0  68.4  7.6  74.0  65.0  9.0 
zx~  75.3  67.8  7.5  74.2  65.8  8:.4 
xzle~  75.2  68.7  6.5  74.2  66.0  8.2 
x~  75.3  67.8  7.5  74.2  66.0  8.2 
Albu- 
Globu-  minin 
Hn.  total 
pro- 
tein. 
%  % 
31  69 
Ratio =  2.22 
I 
29  71 
Ratio =  2.45 
22  78 
Ratio =  3.5 
29  71 
i 
R~,tio  =  2.45 
Hemolysis. 
Serum.  Hemol 
%  % 
90 
80 
70  4 
50  3 
40 
30  2 
20  l 
90  10 
80  7 
70  S 
50  3 
40 
30  2 
20  1 
9O 
80 
70 
50 
40 
30 
20 
Precipitin. 
CC.  CC. 
0.25  0.25 (lO-Z) 
0.25  0.25(10  -t) 
0.25  !  0.25 (e~o) 
0.25  0.25  (~oo 
0.25  0,25  (s~o 
* The  hemolysis  test  was  made  with  seven  different  concentrations  of  sera  in  0.9  p 
volume,  incubating  for  I  hour  at  37  °  and  standing  overnight  in  the  ice  box.  The  per  c 
and  distilled  water. 
t  The  precipifin  reaction  was  carried  out  with  crystallized  egg  albumin  (7.73  per  cent) 
+  -F indicates  complete;  +,  incomplete;  -4-, slight. 
10 iurface tension. 
Albu- 
Mar.  2,  1925.  Globu-]in  ]  mintotalin 
_  •  p~o- 
tim  After  Time-  tern. 
ue.  2 hrs. drop. 
~e$  ~yfte$ ~Y,Ms  I  ~o  I  t°~o 
.5  63.0  12.5  29  71 
,5  63.0 '  12.5  ~  | 
.6 
.5 
.4 
.5 
.6 
.6 
63.7 
63.0 
62.8 
61.9 
61.8 
63.6 
.5 
.4 
.4 
.4 
.5 
4 
,5 
.3 
.5 
.5 
4 
,4 
.4 
.6, 
.5 
.5 
5 
,5 
4 
4 
S 
5 
.5 
5 
11.9  ] Ratio = 2.45 
I 
12.5 
12.6 
13.6 
13.8 
i2.0 
Se  x.  Hey  - 
64.0 
64.7  [ 
64.8[ 
65.8 
64.5 
64.9 
65.7 
67.0 
63.0 
63.0 
62'9 [ 
60.,7 
63.0 
63.8 
63.9 
64.0 
63.5  12.0 
63.3  12.2 
63.3  12.1 
63.0  12.4 
63.0  12.5 
64.8  10.7 
63.9  i1.6 
56.5  9.0 
31  69 
Ratio = 2.25 
26  74 
Ratio =  2.85 
:27  73 
Ratio =  2.70 
Predpitln. 
o, L  f 
0.5 (~) 
0.5 (~]) 
0,5 (~oo~)1 
0.5 (~o~,) i 
Before addition of 
antigen, 
i  I Time"  drop. 
t  dynes 
9.7 
9.:4 
9.2 
9.9 
0.7 
7.6 
7.3 
6.0 
11.4 
10.5 
10.4 
9.2 
9.2 
9.8 
8.5 
8.0 
11.5 
11.0 
11.0 
10.1 
11.0 
9.9 
9.6 
9.8 
75.6  63.9  11.7 
75.4  64.6  10.8 
75.4  65.0  10.4 
75.4  65.8  9.6 
75.4  66.0  9.4 
75.4  56.0  9.4 
75.7  66.0  9.7 
75.6  ] 65.7  9.9 
I. 
13 days after antigen injection.  Sera treated with antigen in vitro. 
[  Hemolysis.  I  Surface tension. 
solution, on sheep cells  washed six  times with  0.9  per  cent NaCI  and made  up  to  original 
olysis was determined by comparison with a  set of standards made from the same sheep cells 
~tions from 1 in 10 parts to 1 in 5,000 parts. 
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TABI 
Before antigen injection. 
Rabbit 13. 
B. coli.  10  cc. 24 hr. 
culture  in?ected 
Feb.  IS, 1925. 
Rabbit 14. 
Cont:ol.  10 cc.  0.9%, 
solution  NaCl 
Feb. 18, 1925. 
Rabbit 15. 
Control. 
Dilu- 
tion. 
Surface tension. 
Feb. 10, 1925.  Feb.  16, 1925. 
Initial  Initlall  After I Time- 
value,  value.] 2 hrs, I drop. 
I  I 
75.7  .  !65.01  9.2 
65.0  '  9.2  75.7 
75.7  74.2  65.0  9.2 
75.6  74.2  65.0  9.2 
76.0  74.0  65.0  9.0 
75.3  74.,2  65.8  8.4 
75.2  74.2  66.0  8.2 
75.3  74.2  66.0  8.2 
After I Time- 
2 hrs.  I  drop. 
I 
dynes I dynes 
68.4  7.3 
67.3  8.4 
68.1  7.6 
67.2  8.4 
68.4  7.6 
67.8  7.5 
68.7  6.5 
67.8  7.5 
74.4  64.1  10.3 
74.4  64.3  i0.1 
74.5  64.9  9.6 
74.4  65.2  9.2 
74.6  62.8  11.8 
74.5  65.3  9.2 
74.6  71.2  3.4 
74.9  65.9  9.0 
74.8 
74.3 
74.4 
74.4 
74.5 
74.5 
74.6 
74.6 
63.5  11.3 
64.1  10,2 
64.0  10.4 
64.0  10.4 
64.4  10.I 
64.2  10.3 
63.6  11.0 
64.9  9.7 
74.5 
74.5 
74.6 
74.8 
74,8 
74.8 
74.8 
74.8 
74.9 
74.9 
74.6 
74.6 
74.6 
74.6 
74.7 
75.0 
67.4 
67.8 
67.3 
69  0 
68.7 
68.0 
68.8 
69.5 
64.3 
64.8 
66.4 
65.8 
65.8 
64.9 
66.5 
66.5 
7.1 
6.7 
7.3 
i  s.s 
6.1 
6.8 
6.0 
5.3 
I  10.6 
'  10.l 
8.2 
8.8 
8.8 
9.7 
8.2 
8.5 
Albu - 
~-lo:u-  min in 
total 
"  pro- 
tein. 
%  % 
24  76 
Ratio  ffi 3.16 
25  75 
Ratio  ffi 3.00 
22  78 
Ratio  =  3.50 
Before immuniza- 
tion 
mean  ratio  of  4 
experiments 
=2.&5 
Mean  ratio  of  2 
controls 
3.25 
Serum.  ~ 
~ co.  I co. 
Ca)  1 cc. (t)  I  1  1 
(b) l  "~a)  1  I  1 
/ 
(c)  I  "  (b)  I  i  1 
(d) 1  "  (c)  1  t 
Hemolyms. 
Serum.  Hemol 
%  % 
50 
30 
20 
10 
7 
6 
5 
4 
50  10 
30  5 
20 
10 
9 
8 
7 
6 
5 
§ In the agglutination test 1 cc. 0.9 per cent  NaC1  was  placed  in  each  tube,  1  cc.  of 
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ncluded. 
13 days after antigen injection. 
~ace tensl 
at. 2, 192 
After 
2 hrs. 
dynes [ 
65.0 
64.5 
65.5 
66.0 
66.5 
66.7  [ 
66.0  I 
66.1 
63.7  t 
65.0 [ 
65.1 
65.9 
65.2 
66.0 
I 
After immuni- 
aatlon mean ra- 
tio of 4 experl- 
merits =  2.56 
Mean ratio of 2 
controls 
2.82 
Sera treated with antigen in vitro. 
~ce tension. 
After 13 da  s incubation. 
,re stirring. 
After  Fime 
2 hrs.  drop. i 
--I 
dynes  dyne~ 
65.8  9.6 
66.4  9.0 
After stirring. 
After [  Time- 
2 hrs. t drop. 
dynes ] dynes 
6~.5  7.1 
66.8  7.8 
67.6 
66.8 
67.6 
66.4 
67.7 
67.4 
64.0 
63.8 
65.8 
65.8 
64.9 
67.3 
67.3 
67.4 
60.8 
61.4 
61.9 
63.7 
63.9 
64.8 
65.9 
65.4 
7~.8  67.3  7.4 
8.7  i  67.6  7.1 
8.0  67.6  7.1 
9.1  68.4  6.3 
7.8  68.5  6.2 
8.3  68.7  5~-8 
II,5  62.8  11.8 
11.7  62.8  11.9 
9.7  62.2  12.4 
9.7  62.5  12.2 
10.5  64.9  9~7 
8.2  67.3  7.4 
8.2  67.2  7.5 
8.1  67.6  7.0 
14.5  [ 74.5  62.5  12.0 
13.9  I 74.6  63.8  10.8 
13.51  74.5  63.8  10~7 
xl.717425  64.2  10.3 
11.5  74.6  64.4  10.2 
10.6  74.6  64.4  10.2 
9.4  i  74.6  61.9  12.7 
9.9  74.6  62.3  12.3 
was  added  to the  first and  mixed,  then  1  cc. of this  carried  to the  next  tube,  etc.  1  cc.  of 14  SURFACE  T]~NSION  OF  SERUM.  XI'v" 
sulfate being  used  for the  precipitation  of the  globulin  and  the per 
cent  of  nitrogen  being  determined  by  the  micro  Kjeldahl  method 
before and after precipitation. 
A slight variation in the usual technique of precipitating the globulins was made 
to avoid the difficulty of bumping, so often experienced in the micro Kjeldahl 
method because of the high concentration of sodium sulfate.  1 cc. of serum was 
diluted with 2 cc. of 0.9 per cent NaC1 solution.  To this was added 6 cc. of 33 
per cent sodium sulfate, which produced a final concentration of 22 per cent sodium 
sulfate and diluted the serum 1 to 9.  This mixture was allowed  to stand for 3 
hours at 37°C., then filtered through double hardened filters, refiltered until clear, 
and 2 cc. samples of the filtrate were taken for the Kjeldahl determination.  This 
2 cc. contained just enough sodium sulfate for a Kjeldahl and enough protein for a 
micro determination. 
As  is  seen from  Table  I,  no  constant  change  of  any magnitude 
occurred in the per cent of albumin or globulin as the result  of immuni- 
zation with any of the antigens.  The magnitude of the time-drop of 
all the sera was taken on the 13th day, according to the technique of 
du  Nofiy,  4  and  the  usual  increase  was  found  to  have  taken  place 
in the sera of all the immunized animals, whether the albumin-globu- 
lin ratio remained identical with  the  original ratio,  or changed  very 
slightly.  It is  evident,  therefore, that  the increase in the time-drop 
of serum  on immunization  cannot be  traced  to  an  altered  albumin- 
globulin ratio. 
The same  set  of animals  was  used  for the  second  experiment,  to 
determine whether the antigen itself, or a  substance produced by its 
direct action on some constituent of the serum is responsible for change 
in the time-drop.  The question here involved is that of whether the 
change results from a  reaction between the antigen and the serum in 
vitro or whether the presence of living tissue cells is an ,essential con- 
dition for its production. 
10 cc. of the serum of each animal, taken before immunization, was 
mixed in test-tubes with a pro rata quantity of the immunizing antigen. 
In calculating this quantity the assumption was made that the animal 
had 70 cc. of blood for each kilo of body weight and that of this blood 40 
per  cent was plasma.  The same  antigen was  used with  each serum 
that  was  employed in  the  later  immunization  of  the  animal.  The 
4 du Noiiy, P. L., J. Gen. Physiol., 1923-24, vi, 625. P. LECOMTE  DU NO  UY AND  LILLIAN E. BAKER  15 
time-drop in surface tension was measured before and after the addition 
of the antigen.  The  tubes  were  then  incubated  under  sterile  con- 
ditions in  a  Freas  constant  temperature  water  bath  at  37.5°C.  for 
13 days.  At the end of that time, the time-drop was again measured. 
Two sets of measurements were taken, one before stirring the sera, and 
one  after  agitation,  since a  slight  precipitate  formed in  some  cases. 
The results are given in Table I.  It is seen that there is no increase 
in the magnitude  of the time-drop  in any  of these  sera,  although  it 
occurred  in  all  cases  in  which  the  animal  was  immunized  with 
antigen. 
From the foregoing, it may be concluded that  the physicochemical 
change in the serum to which the increased time-drop is due cannot be 
the  result  of the  direct  action of antigen  on  any  constituent  of the 
serum.  It seems probable that it is an indirect action brought about 
through  interaction  with the tissues of the living animal.  As might 
have been expected, none of the sera treated with the antigens in vitro 
yielded a  positive precipitin  or hemolysin reaction,  while all of those 
from the immunized animals gave positive tests for such antibodies. 
CONCLUSION. 
The  nature  of  the  relation  between  the  time-drop  and  antibody 
formation  cannot  be stated  as yet.  It  is  certain  that  the physico- 
chemical change in the  serum,  detected by means of surface tension 
measurements,  is not due directly to the antibody itself.  Neither is 
it due to the direct action of the antigen on the serum, or to a change 
in  the  albumin-globulin  ratio  in  this  latter.  Rather  does it  appear 
like antibody formation itself to be due to a  tissue activity.  Further 
experiments are being carried out on this subject. 